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INVESTIGATION OF THE EFFECT OF A NACELLE AT
VARTQOUS CHORDWISE AND VERTICAL POSITIONS ON THE AERODYNAMIC
CHARACTERTSTICS AT HIGH SUBSONIC SPEEDS OF A 45° SWEPTBACK
WING WITE AND WITHOUT A FUSELAGE

By H. Norman Silvers, Thomas J. King, Jr., and
Thomas B. Pasteur, Jr.

SUMMARY

A nacelle was investligated at varlous chordwise positlonas and
vortical locations on a semispan model of a wing with and without a
fuselage through a Mach number range from O.4t to 0.9. The nacelle was
& body of revolution of fimemess ratio 5.0 with a modifted NACA 65-seriles
profile shape. The investigation was made to determline the interference
characteristics between the nacelle end the model and to determine the
effect of the fuselage on nacelle Interferencs.

The results showed that the nacelle reduced the drag rise Mach num-
ber of the model. The reduction appeeared to be due to flow conditlons
over the nacelle which were In general little affected by changes In
interference due to chenges in nacelle position. Appreclable reduction
in nacelle interference drag accompanied rearward chordwlse movement of
the nacelle in both an underwing and a gymmetrical vertical location
below force break. An overwing nacells location showed Incresased nacelle
interference dreg as well as appreclsble reductions in drag-rise Mach
number . In conbtrast to the nacelle interference drag coefficient the
static-pressure distributions In the nacelle Junctures showed that the
Incremental section pressure drag coefflclents increased with reerward
chordwise movement of the nascellse and that a rearwsrd movement of the
peak minimm pressure in the nacelle junctures accompanied rearward
movement of the nacelle.

The nacelle reduced the lift-curve slopes of -the wing-fuselage model
with the largest reductions occurring for the rearward chordwlse posi-
tlon of the nacelle. The nacelle produced an Ilncrease, however, 1n the
lift-curve slope of the wing alons. In addition to glving evidence of
appreciable effects an the stablility of the model at ths higher 1ift
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coefficlents, the various nacelle positions showed that forwerd chord-
wise locations in elther an underwing or = symmetrical vertical position
produced a destabllizing change in the aerodynamic-center locaetion of
the model at a low 1lift coefficient; whereas a stabllizing change was
obtalned with rearward nacelle locatlons. Stabllizing changes were,
however, evident for both forward and rearward nacelle locations In an
overwing position.

Although the addition of the fuselage resulted in reductlions in
the drag break Mach numbers of the model wilth nacelle, 1t appeared to
have only negliglible effect on the Interference drag coeffilcients in
thls speed renge. Below force break the fuselage had little effect
on nacelle interference drag coefficlents. The fuselage was responsgible
for abrupt changes in the mserodynamic-center locations, lift-curve slopes,
and angles of zero 1lift at force break.

INTRODUCTIORN

It has been shown (references 1 and 2) that combining a swept wing
wlth fuselages and engine housings can result in Interference phenomenon
that tend to destroy the advantages of the swept wing. As & part of a
general program of research at transonlc speeds, the Natlonal Advisory
Committee for Aeronautics 1s conducting Investlgations to develop englne
nacelles for use on alrcraft employing swept wings. As & phase of this
program, the present papsr presents results obtalned from an investliga-
tlon conducted at high subsonlc speeds to determine the effect of a
nacelle-1like body of revolution at several chordwlse and vertical posi-
tions and one spanwlse location on the asrodynamic characteristics of
a 45° sweptback wing alone snd of the wing combined with a fuselsge.

The results include msasurements of 1ift, drag, and pltching mcments

and statlic-pressure measurements at two spanwise statlons on the wing
corresponding to the lnboard emd outboard Junctures of the wing with

the nacells.

SYMBOLS

Cr, 1ift coefficient (Twice semispan 1ift/qS)
Cp drag coefficient (Twice semlspan drag/qsS)
CDI interference drag coefficlent ‘

E?Dmodeli—nacelle B (gnmodel * chnacelleé]
-
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Cnm pltching-moment coefficient referred to 0.25¢ of wing and
0.6351 of nacelle » wWhich correspomds to a nacelle locatlon

of X -0.%0 on the wing (Twlce semispan pitching moment/qST)

c
Cn section normal-force coefficlent (Section normsl force/qc)
Cc section chord-force coefficient (Sectidn chord force/g_c)

cq section pressure-drag coefflclent (cc cos a + cp sin a)

P mressure coefficlent <pz; P)

q free-stream dynamic pressure, pounds per square foob (%pv2>
D free-stream statlc presswure, pounds per square foot

S twice wing area of semispan model, 2.356 squaere feet

mean aerodynamic chord of wing, 0.640 foot,

ol

o b 2
(-5 f c2dy(using the theoretical tip)
0

c local wing chord, feet

b twice span of semlspan model, 3.76 feet

da diemeter, feet

x longltudinal distance from local-chord leading edge (positive
rearward), feet

1 length of body of revolution, inches

¥ perpendicular distance from plane of symmetry along semlspen,
feot

z perpendicular distsnce from wing-chord plane to necelle center
line (positive upward), feet

v ; free-stream alr veloclty, feet per secomd

a free-gtream veloclty of sound, feet per second

M free-stream Mach mumber (V/a)
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Mp drag-break Mach number, free-stream Mach number at which
Cp
— = 0.10
oM

o] mass denslty of alr, slugs psr cublc foot

o angle of attack, degrees

Qg angle of attack at zero 1lift, degrees

on, = (22),
OLng, Q%L%M

o, - (32,

Subacripts:

c denotes chordwlse dlstsnce of local-chord leeding edge to
. nacelle leading edge, positive rearwerd

P denotes chordwlse location of peak minimum pressure

hig fuselage

n nacelle

M at conestent Mach number

cr critical

) denotes local condition



NACA RM I51H16 L 5

MODELS AND APPARATUS

Bagic Wing and Fuselage Models

The investigation was conducted in the Langley high-speed T~ by
10-foot tumnel with & semispan model of a wing swept back 45° with
respect to the querter-chord line and a fuselage. The wing had an aspect
ratio of 6 and taper ratio of 0.6. The alrfoil sections were NACA
658009 profiles parallel to the free alr stream. The wing was can-
structed of a stesl spar covered with a blsmubth~tin elloy. Two span-
wlse rows of statlic-pressure orifices were located in the upper and
lower surfaces of the wing in planes that were parallel to the plane of
symmetry of the model and In such a spanwlse posgitlon asz to be near the
Junctures of wing end nacelle (fig. 1l). Chordwise locations of the
pressure orlifices are presented in table I.

The fuselage was half a body of revolutlon of actual fineness
ratio 10 (basic fineness ratio 12) and was constructed of mahogany.
Ordinates of the fuselage are presented in table ITI. A drawlng of the
wing-fuselage showing the varlious test locations of ‘the nacelle is
presented in figure 1.

Nacelle Model

The nacelle was a body of revolution designed to simulate a housing
for a single Jet power unit. The slze of the nacelle relative to the
gize of the model was established by considering the model to be a scale
model of a bomber-type alrplsne. The nacelle was constructed of mshogany
and had & fineness ratio of 5. The nacelle profile (table IIT) was a
modified NACA 65 series airfoll section. The modification comsisted of
replacing the tralling-edge cusp wlth a straight line that was tangent to
the model profile and passed through the tralling edge.

No attempt was made in thlsg investigation to provide falrings for
the Junctures of the wing and the nacelle at any of the varilous vertical
and chordwise locatlions.

Wing-Fuselage Test Installation

The semispan model was suspended from the mschenical-balance system

of the tunnel by a support member that extended through the tunnel celling.

Alr flow into the flow fleld of the modsl from outside of the tumnel was
minimized by maintaining a gap of sbout 1/16 inch between the model sup-
port and the tumnel ceiling. Photographs showing the model moumted in
the tunnel are presented in fligure 2.
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Nacelle Test Instellation

The lsolated nacelle wes Investlgated on a reflection-plane plate
that was located 3 inches from the tunnel wall to bypass the wall
boundary layer. Force dats were obtained on a half model of the nacelle
and static-pressure measurements were cbtalned on a whole body of revolu-
tion that was located awsy from the reflection-plane plate by a thin
support strut. Fhotographs of the half nacelle and the whole nacelle
mownted on the reflection-plane plate are presented in figures 3 and 4.
Flgure 5 1s & drawling showlng the nacelle models mounted on the reflection-
Pplene plate. :

Force measurements on the half nacelle werse made by an electrical
strain-gage balance system located outside the tunnel. The balance was
enclosed I1n & sealed contalner to minimize alr flow into the flow field
of the model. Angle-of-attack changes were sccomplished by a conven-
tional geared drive system actuated by & small electric motor. The
whole necelle had pressure orifices located along the upper surface of
the model. For thls setup, angle-of-attack changes wers accomplished
by & manuel rotation c¢f the model and support strut.

TESTS

Force measurements of 1lift, drag, and pitching moments were obtalned
on the wing-fuselage model alone and with the nacelle located in four
chordwlse posltione In both an wnderwing and & symmetriceal vertical
location over an angle-of-attack range that unevally extended from -0.8°
to ll.3°. Same date are also glven for an overwing location of the
nacelle. These data were obtalned by extending the negetlive angle-of~
attack range of the wnderwlng nacelle and presenting these data as
resulte obtalned on an overwling nacelle. TForce dats were also obtalned
on the wing alone end with the necelle in three chordwlse positions in
the tnderwing vertical location on the wing. The test Mach nmwrber range
Por this investigation extended from M = 0.4 to M = 0.9. The varia-
tion of the mean test Reynolds number over thls range of Mach numbers l1s
presented in figure 6.

Statlc~preasure mesasurements at spanwlse stations on the wing
corresponding to the Inboard and oubtboard Junctures of the wing =nd
nacelle were cobtalned slmultaneously with force measurements at engles
of atteck of 1,3°%, 5.3°, and 9.3° and at Mach numbers of 0.4, 0.7, 0.8,
and 0.9, for the wing-fuselage model alone and wlth the nacelle in four
chordwise positions in both an wmderwing end a symetrical vertical
location.
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Lift, drag, and piltching moments were also obtalned on the nacelle
alone over an angle-of-attack range from -0.7° to 11.3° end a Mach num-~
ber range from 0.41 to 0.96. Static-pressure measwrements over the
nacelle were obtalned at angles of attack of 15.3° and 0° and at Mach
numbers of 0.t2, 0.73, 0.81, and 0.86.

CORRECTIONS

Jet-boundary corrections to the angle of attack and drag coefficlent
of the basic wing and wing-fuselage models were determined by the method
of reference. 3 and camputed by the followlng equations:

o = ay + 0.12LCT,
— 2
Cp = Cm + 0-00220_[‘

where the subscript M denotes measured values. The Jet-boundary cor-
rections to the plitching-moment coefflcient were consldered neglilgible
and therefore were not applied.

The drag has been corrected for the horizantal bouyancy produced
by the longltudinal static-pressure gradlent in the tunmel. The drag
of the wing-fuselage configurations presented herein lncludes the drag
due to base pressure actlng on the fuselage.

Corrections have been added to the dynamlic pressure and the Mach

number to account for the blockage sffect of the model. The correctiois
were determined by the method of reference L. \

PRESENTATION OF RESULTS

An outline of the figures presenting the results of this investiga-
tion 1s given below:
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Figure
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wing-fuselage with various chordwise locaﬁians of

wmderwing nacelle « ¢« ¢« « ¢ « o « s « s
symmetrical nacelle « « « « ¢ ¢« ¢ & o o .
overwing nacelle .« « « & & « o « o o o o

wing with various chordwlse locations of underwing nacelle
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Drag characterlstics of wing-fuselage with nacelle -

Cp 2E2INEt M « « o « 4 v 0 0 e b e e
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%a&g&inStM . . . . . . . . . . . . . . .

CmcL against M ¢« ¢ « ¢ c ¢ e 0 s e e e 0
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16
17
18
19
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20(c)

Drag characteristics of wing alone with nacelle -
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CD]:' aga-j_ns-b M ® ® » ¢ & & 6 & & & & 8 st e =
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Pressure measurementsa:
Static-pressure dlstributions of two spanwlse
wing-fuselage 8lane « « « ¢ & ¢ + ¢ o o ¢
nacelle 8loNe « « ¢ « « ¢ s & o+ e ¢ e . .
wing-fuselage with
mnderwing nacelle « +'+v & o+ o+ + &
symetrical nacelle .
Peak-minimm-pressure location .« . .
Nacelle pressure-drag characterlistics

wing with necelle . . .

21
22
23
2L
25
26

L] . e . e e« ¢ 8 @ @
¢« s e, » . . LI ] . .
« e w s « & @ . . @

gtations for -

27
28

30
31
32
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DISCUSSION
FORCE DATA

The results obtalned for the basic rodels, that 1s, the wing-fuselage
conbination and the wing alone, are presented for better comparison on
the figures summerizing the results obtalned with the nacelle 1n place.
For the most part, discussion of the results for the basic model will be
confined to those points necessary to illustrate nacelle effects.

It is to be recognized that reflection effects, particularly in
connection with drag, can have an epprecilable influence on the absolute
values of coefficlents. Comparison of unpublished results of & chenge
in drag due to a nacelle in an intermediate spanwlse location such as
that utilized in this investigation have shown, however, goodl agreement
between results obtalned on a semlspan model and & three-dimenslionel model.

Wing~Fuselage wlith Nacelle

Drag.- It is uwsually found that when a nacelle is added to the wing
of a model the principel change In asrodynemic characteristics of the
model is an Increase 1n drag that is frequently lerger then the drag
contributions of the individuasl membsrs of the system. The nacelle 1s
also usually found to reduce the Mach number at which drag riss of the
model occureg. These effects due to Interference seem to exist for the
test model (fig. 15). Although the effect of interference on the incre-
ment In drag due to the nacells will be more fully discussed in a
following section, 1t can be seen from these data that the drag due to
the nacelle 1s consgiderably higher at 0.3 1ift coefficlent than at zero.
Nacelle chordwlse position is also seen to have an appreclable effect
on the drag due to the nacelle.

As expected, the nacelle reduces the Mach number for drag rilse.
It 1s significant to note that with the exception of the forward-located
overvwing necelle the reduction in drag-break Mach number appears to be
eggentially the same for all positions of the nacelle at both 1ift coef-
ficients presented. To better illustrate the effect of 11ft coefficlent
on drag-break Mach number, figure 16 1s presented which shows Mg,

defined as that Mach number where =2 _ 0.1, as & functlon of 1ift

coefficlent. The values of Mp , as will be shown later, values of
nacelle-interference drag coefficlents are presented over a 1ift-
coefficlent range of 0 to 0.4 in an effort to show the effect of the
various nacelle positlons for the renge of 1i1ft coefficients usually
encountered in high~speed flight. It 1s apparent that with the
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previously stated exception, the maximum change in Mp 1s about 0.05.
Tt might be expected, however, that interference effects which result
in appreclable changes 1n the drag dus to the nacelle at various 1lift
coefficients and chordwise locations might result in considerably larger
chenges in Mp than indicated by these data. By inspection, the drag
rise of the isolated nacelle is found to occur at about 0.88 Mach num-
ber, which is seen (fig. 15) to be very nearly the same as the Mach
number for drag rise of the model with nacelle. It appears then that
the attainment of criticel-flow conditions over the nacelle has, in
this investlgation, established a lim!t to the drag-rise Mach number of
the model, and that, because of theme characterlistlcs of the nacelle
changes in nacelle chordwlse location, have reletively 1ittle effect

on Mp.

It is seen, however, (figs. 15 and 16) that, when the nacelle is
X,
located in such a chordwise position (ﬁ? = -0.4) in the overwlng loca-
tion as to impinge on the hlgh local veloclty field generated at the
higher 1i1ft coefflclents over the upper surface of the wing, & conslder-
ably larger reduction in Mp occurs and also large Increases in drag
coefficlent.

These results 1llustrate the penalties in performance that can be
expected when a low-fineness-ratio, low-critical-speed nacelle 1s
utillized at high subsonlc speeds.

. Changes in both the chordwlse locatlon and vertlcal position of the
nacelle produce changes in the drag coefficlents of the model. To better
illustrate these effects, the drag increments (herein called interference
drag coeffliclents) obtalned by a subtraction of the drag coefficients of
the basic model and the isolated nacelle from the meodel wilth nacelle are
presented in figure 18 as a function of nacelle chordwise position for
zero 1ift coefflcient and 0.3 1lift coefficlent of the modsl. Thls inter-
ference drag coefficient 18 equlvalent to that obtalned on a camplete
model with two nacelles. These results show that a general reduction in
interference drag coefficlent accompanles & rearward movement of the
nacelle in both an underwing and & symmetrical vertical locetion. TUp
to the drag-breask Mach number which occurs between Mach numbers of 0.8
and 0.9 the effect of Mach number is emall. ILift coefficient exerts a
marked influence on CDI' In general, the interference drag is conslder-~

ably higher at a 1lift coefflcient of 0.3 than at 0. It can be seen
(fig. 17) that this trend im representative of the changes in CDI that

occur over the lift-coefflclent range investigated.
In order to establish a quantitative basis of comparison for the

Interference effects of the nacelle positicns investigated, the intérfgr-
ence drag coefficients (fig. 18) are referred to the drag of the isolated
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nacelle (fig. 9) and the results are presented as a function of nacelle
position for the wnmderwing and symmetrical nacelle positions at a 1ift
coefficient of 0.3 (fig. 19). These results show that the reduction
in CDI at subcriticel Mach numbers, due to rearward movement of the

nacelle, is of the order of two to three times the drag of the 1lsolated
nacells. :

Angle of zero lift.- The effects of nacelle chordwlse position on
the angle of zero 1ift are presented in figure 20(a), from which it is
sean that forward nacelle positions result in a positive changs in the
angle of zero 1lift for the vmderwing nacelle whille rearward positions
result in a negative change. In the overwing location an opposite
effect existes; that 1s, a forwasrd nacelle poslition glves a negative
chenge in «, while a rearward nacelle poslition glves a positive change.
The maximum change in oo dus to changes In nacelle chordwise position
ig Pairly constant up to Mach numbers of about 0.88 and is of the order
of 1°. A raspid negatlve change in the angle of zéro 1lift occurs at
Mach numbers higher than sbout 0.88 which i1t willl be remembered 1s the
Mach number for drag rise. The change seems to bs the least severe for
the rearward nacells locetions.

It is seen that the angles of zero 11ft for the symmetrical nacelle
are not exactly zero. The small departures .fram zero shown In these
data are representative of the accuracy involved in ths determination
of a, from data obtained on the semispan mounting used for this
Investigation.

Lift-curve slope.- The nacelle generally reduces the 1ift-curve
slope of the basic model (fig. 20(b)). The maximum reduction in
for any vertical nacelle location is about 10 percent and, although
the effects of changes 1n nacelle chordwlse positlon are somswhet incon-
gistent, occurs for the rearward nacelle positionas. For the most part,
forward nacelle positions produce smaller reductions in . Abrupt
changes iIn megnitude of the lift-curve slope develop at the hligher Mach
numbers for most chordwise locations of the underwing and the symmetrical
nacelle. These variations appear to be erratic in regerd to the Mach
number for the onset of the changes for sach nacelle locatlon as well
as in the nature of ths varlation after the break has been reached.
The lift-curve slopes of the model with the overwing nacelle, howsver,
show no such rapld changes in ch, to the highest Mach numbers
Investigated.

Piltching moment .- Examinsation of the plitching-moment coefficlent
of the wing-fuselage model with the nacells in various locations (figs. 10
to 12) shows that the nacelle has considerable influence on the pitching-
moment characteristice. At the higher 1ift coefficlents, the forward
nacelle locations in both the underwing and symmetrical vertical positions
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generally exert a stabllizing influence an the basic model throughout
the Mach number range. Rearward nacelle locations show some effect of
vertical position in that the wmderwing positions of the nacelle
influences the stabllity of the basic model only at low Mach numbers,
where the effect 1s destabilizing, and a symmetrical position of a
rearwvard located nacelle appears to change the stability of the Dbasic
model only at the higher Mach numbers. The rearward nacells, however,
also produces a destabllizing effect on the basic model in thls vertical
position.

It should be noted that plitching-moment characteristics of the model
with overwing positlons of the nacelle were obtained at the higher 1ift
coefflcients only &t the lower Mach numbers. Although an overwing posi-
tlon of the nacelle gonerally exerts a staebilizing influence on the model
at these 1ift coefficients, changes in nacelle chordwlse location in the
two locations investigated in the overwing position have (fig. 12) little
effect on the stability of the model.

The slope of the pltching-moment coefficient as a fimction of 1ift
coefficlent which 18 an indicatlian of the serodynamic-center location
relative to the quarter-chord point of the mean aserodynemic chord is
presented In figure 20(c) as a function of Mach number. Slopes were
measured generally at a 1lift coeffliclent of 0.1l. The resultsg show that
a rather ghrupt stabllizing movement of the serodynsmlic-center exists
for the wmderwing end symmetricael nacelles at the higher Mach numbers.
In these vertlcel locations, forward chordwise nacelle positions exert
&g destabllizing influsnce asnd rearward chordwlse positlons produce &
stabllizing effect on the model. Comparison of the slopes of the
pltching-moment curves for the underwlng and the overwing nacelle shows
very aimilar trends although the varlations in appear to be scme-

vhat less comslstent for the varlous chordwlse locations of the over-
wing nacelle &t the higher Mach numbers.

Thus, 1t appears that in assessing the over-all serodyneamic merits
of nacelles located on models, 1t 18 of partlicular interest to examine
the slopes of the pltching-moment curves. As has been seen, a rearward
location of the underwing nacelle, which gave promlsing Interference
drag characteristlcs, also gave appreciable changes in the stabllity of
the model. Characterlistics such as these appear to warrant considera-
tion before accepting such & nacells location on the basis of drag
gtudles alcne.

Wing with Nacelle

Drag.- It is of interest to compare the results obtained for the
wing-fuselsage combination with those of the wing alone to determine the
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extent to which the fuselage influences the interference characteristics
of the nacelles. The total drag coefficlents (figs. 15 and 21) show
that additions of the fuselage aggravates the rise of drag at force

break and results in slightly lower drag-break Mach numbers (d.efined.

hereln as %C/IQ = O.l) than wore obtalned for the wing slone. Drag-break

Mach numbers are, in fact, slightly higher in same instances than the
highest test Mach number (M = 0.9) and hence could not be quentitatively
determined.

For better comparison of the effect of the fuselage on the nacelle
interference drag coefficient, figure 22 is presented. This figure shows
CDI for compasrable chordwise locations of the underwling nacelle on the

wing-fuselage end on the wing alone as a function of Mach number for
representative 1ift coefficients of 0 and 0.3. A more complete indica-
tion of the effect of 1ift coefficlent and nacelle chordwise location
on the change in CDI dus to the fuselage can be obtalned by comparison
of the results shown in figures 23, 2L, and 25 for the wing alone with
those of figures 17, 18, and 19 for the wing fuselage.

It is seen (fig. 22) that throughout a large part of the Mach num-
ber range investlgated the fuselage has little effect on the nacelle
interference drag coefficlent. The largest apparent effect of the
fuselags 18 seen to exist at the lowsest test Mach number where the least
accuracy of data was obtalned and at the highest test Mach numbers.

The effect of the fuselage in the hlgh Mach number range, however,
appears to be somewhat smaller than might be antlcipated in view of the
fuselage-induced increases in the rate of rise of the total drag coeffl-
cient and, as wlll be shown later, increases in the rate of change of
the 1ift- and plitching-momemt-curve slopes wilth Mach numbers.

Angle of zero lift.- The fuselage has little effect on the angle-
of-zero-11ft variations for the forward chordwlse poslition of the nacelle
(fige. 20(a) and 26) but seems to produce & negative chenge in ag of
ghout 0.5° at the lower Mach numbers with the rearward nacelle. The
fuselage also Increases the rapldity of the change in ag at the bresk
although the onset of the break was delayed to hlgher Mach numbers with
the fuselage in place.

Lift-curve slope.- A comparison of the lift-curve slopes of the wilng
with nacelle (fig. 26) wilth those of wing-fuselage with nacelle (fig. 20(b))
shows that on the wing the nacelle increases the lift-curve slope whereas,
as previously indicated, for the wlng-fuselage combination the nacelle
reduces the lift-curve slope. It 1s felt that the spparent effect of
the fuselage on the nacelle increments of this paramefer may be unduly
affected by the small amount of leakage present during the investigation
around the root chord of the semispan model.
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The rapid changes In CLm dlscussed previously for the wing-

fuselage combination appear also to be due to the fuselage since the
1ift cuwrves of the wing with the nacelle In severeal chordwise locations
show smooth variations to the highest test Mach numbers.

Piltching moment .- The effects of the nacelle at varlous chordwise
locations on the pltching-moment characterlstice of the wing alone are
gimilar to those previously discussed for the wing-fuselage model. It
ig to be noted that, for the wing alone, removel of the strong stabilizing
influence of the fuselage, combined with the destabllizing effect of the
rearwvard-located nacelle, results in an appreciable destabllizing break
in the pitching-moment curves at the higher Mach numbers and 1lift
coefficlients.

It is also seen (figs. 20(c) and 26) that the fuselage 1s responsible
for the ebrupt stabllizing bresk in the variation of cmCL after force

break. The erratlc varlaticas in Cmb for the rearward nacelle posi-

ticn on the wing-fuselage combination %fig. 20(c)) are not present on
the wing alone. In fact, the variation In aerodynamic-center location
for this nacelle positlion on the wing alone is less than 1.5 percent of
the mean aserodynamic chord throughout the Mach number range investigated.

PRESSURE DATA

As might be anticipated, vertlcal displacement of the nacelle from
the wderwing to the symmetrical locations (figs. 29 and 30) in eny
chordwise position generally results 1n an Increese in pressuwre coeffl-
cients of the upper-surface nacelle Junctures and a reduction in the
lower-surface Juncture pressures. The results sghow thet reglions of
critical pressure develop In the inboard Juncture at the wing leading
edge with the nacelle 1n the forwerd positlon. Rearward movement of
the nacelle results In a rearwerd movement and diminution of the pesk
pressures and in the development of somewhat lower peak pressures in
the outboard nacelle Juncture'. To 1llustrate the influence of the
nacelle chordwise position on the location of the peak minimum pressure,
figure 31 13 presented for a representative angle of attack of 5.3°.

Congideration of the pressure coefflclents on the wing of the basic
wing-fuselage combinatlion (fig. 27) end the isolated nacelle (fig. 28)
shows that attainment of sonic flow in the nacelles junctures (figs. 29
and 30) at Mach numbers between 0.7 and 0.8 i1s due largely to the high
pressure coefficlents generated over the nacelle. This condition, how-
ever, does not lead to well-established compression shock in the Jumc-
tures until a Mach number of 0.9 which 1s spproximately drag-rlse Mach

number (Mg = 0.88).
—
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Below force-bresk Mach nuwbers, a large varlation ln the nacelle
interference drag coefficient has been shown to exist with change I1n
nacelle chordwlse position. To analyze this effect 1t wlll be helpful
o examine the increment in section pressure-drag coefficient In the
nacelle junctures (fig. 32). It should be emphasized that the component
of drag i1s due to surface pressures and does not lnclude the effects of
viscosity except as viscoslty affects the surface pressure distribution.
The results show that forward nacelle posltions glve negative increments
in section pressure-drag coefficient 1n the inboard Juncture and that
the increment increases positively with rearward nacelle movement. These
results are, of courss, not suwrprising because of the formatlon and
movement of the peak pressures with nacelle positions, but 1t does
demonstrate quantitatively the relative magnitudes of the changss in
the pressure coefficlents involved. Accordingly, the growth and resr-
ward movement of the peak pressures in the outboard Junctures beglnning

at % = -0.4. also result in a positive increase of incremental section

pressure drag coefflclent. Thus, 1t is obviocus that the general reduc-
tions in interference drag coefficlents that have been shown to accompany
rearward movement of the nacelle are not dus directly to changes in shape
of the static-pressure distribution in the nacelle Junctures. It 1s
also obvious then that there are other effects which compensate for +the
changes in incremental section pressure drag in the nacelle Jjunctures.
These effects may include pressure changes over sectiomns of the wing
.other than the Junctures and changes in the vlscous cantribution to the
nacelle inbterference drag coefflclent. If the effects of viscosity
prove to be significant, Reynolds number msy also have a signiflcant
bearing on the drag charscteristlcs indicated by this Investigation.

CONCLUSIONS

The results of an Iinvestigation of the effect of a nacelle at
various chordwlise and vertical positions on the serodynemic cheracter-
isgtics of a 1!—50 sweptback wing cambined with a fuselage over a Mach
number renge from O.4 to 0.9 and a Reynolds number renge fram about

1.5 X 106 to 2.5 X 106 indicate the followlng canclusians:

1. The nacelle reduced the drag-rise Mach number of the model.
The reduction appeared to be dus to flow condlitlions over the nacelle
which were In general little affected by changes In Interference due
to changes In nacelle position.

2. An apprecieble reduction in nacelle interference drag accompanled
rearwvard chordwise movement of the nacelle in both an underwlng =nd a
symmetrical vertical location below force break. An overwing location of
the nacelle showed 1lncreased nacelle interference drag as well as apprecl-
able reductions in drsg-rise Mach number.
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3+« In contrast to the nacelle interference drag coefficilent the
gtatlc-pressure distributions in the necelle Junctures showed that the
incremental section pressure-drag coefficlent increased with rearward
chordwise movement of the necelle and that a resrward movement of the
peak minimum presgsure in the nacelle Jjunctures accompanied resrward
movemsnt of the nacelle. It was obvious then that theres are other
offects which compensate for the changes in incremsntal section pressure
drag coefficients In the nacelle Jumctures.

4. The naecelle reduced the lift-curve slope of the wing-fuselage
model with the largest reductlons occurring for the rearward chordwlse
pogition of the nacelle. The nacelle produced an increase, however,
in the lift~cwrve slope of the wing alone.,

5. In addltion to glving evlidence of appreclable effects cn the
gtabllity of the model at the higher 1ift coefficlents, the various
nacelle pogltions showed that forward chordwlse locations in elther an
mderwing or a symmstrical vertical poslition produced a destebilizing
change in the serodynamic-center location of the model at & low 1lift
coefficlent and a stablilizing change wes obtained with rearwerd nacelle
locations. Stabllizing chenges were, however, evident for both forwerd
and rearward nacelle locations in an overwing position.

6. Although the addition of the fuselage resulted in reductions
in the drag-bresk Mach numbers of the model with nacelle, it appeared
to have only negligible effect on the interference drag coefflicients
in thls speed renge. Below force bresk the fuselage also had little
oeffect on nacelle Interference drag coefficlents. The fuselags was,
however, responslible for abrupt changes in the aerodynamic~center
locations, lift-curve slopes, and angles of zero 1ift at force break.

Langley Aerconautical Laboratory
National Advisory Commlittee for Aeronautics
Langley Flield, Va.
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TABLE TI.~- WING PRESSURE ORIFICE LOCATIONS
EPércen’b local chord.]

Inboard Juncture Outboard Jumcture
Upper surface Lower surface Upper surface Lower surface
0] 0 0] 0
10 5 10 5
20 10 20 10
31 15 31 15
43 20 k3 20
50 25 50 25
59 31 58 31
69 43 69 43
80 50 8o 50
90 55 90 55
59 58
65 65
69 69
™ 75
80 80
90 g0
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TABLE IT.- FUSELAGE ORDINATES

@asic fineness ratio 125 actual flneness ratio 10
achieved by cubtting off rear one-glxth of body;
S/h located at zf/él

2:6/09 in —>

—
-—
e

Ordinetes, percent length
Station Radius Station Radius
0 0 5.0 L .1%3
5 .231 50 .0 k.67
75 298 55 .0 k.130
1.25 L4208 60.0 L .02k
2.5 722 65.0 3.842
5.0 1.205 T70.0 3.562
7:5 1.613 75 .0 3.128
10.0 1.971 80.0 2.526
15.0 2,593 83.33 2.083
20.0 3.090 85.0 1.852
25.0 3.k65 90.0 1.125
30.0 3.742 95 .0 439
35.0 3.933 100.0 0
Lo.o 4.063
L.B. radius = 0.05
“‘HE;"P
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TABLE IIT.- NACELIE ORDINATES

E‘ineness ratio 5]

ep=12.70/n

NACA B I51H16

. |
>

—
\

Ordinates, percent length

Station Radius Station Redius
0 o] k0.0 9.997
5 1.539 45.0 9917
<15 1.849 50.0 9.597
1.25 2.312 55 .0 9.022
2.5 . 3.126 60.0 8.240
5.0 k344 65 .0 7.275
75 5.288 T70.0 6.237
10.0 6.080 75 .0 5.197
15.0 7.338 80.0 .57
20.0 .293 85.0 3.119
25.0 9.012 90.0 2.078
30.0 9.529 95 .0 1,039
35.0 9.855 100.0 0
L.E. radlus = 1.00
T
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Figure 2.- The 45° sweptback wing and fuselage of fineness ratio 10
mounted on the celling of the Langley hlgh-speed T- by 10-foot tunnel..
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(b) Wing-fuselage wlth nacelle.

Figure 2.- Concluded.
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Figure 3.- The nacelle of fineness ratio 5 strut-mounted on reflecticn
plane getup as tested in the Langley high-speed 7- by 10-foot tunnel.
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gtrut-mounted nacelle of fineness ratlo 5.
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Figure 31.- Effect of nacelle positlon on the peak-minimm-pressure
location at two spenwlse juncture statioms an a 45° sweptback wing
and & fuselage of Ffineness ratio 10 with a nacelle of fineness
ratio 5. o = 5.30.
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